Abstract. An estimate has been made of the quantities of alkali-labile esters of indoleacetic acid (IAA) in kernels of sweet corn (Zea mays). The amount is between 70 to 90 mg of IAA per kilogram of dry kernels. About one-half of the IAA is present as high molecular weight esters and the remaining one-half as esters of myo-inositol. Free IAA, which may have existed in the kernels, or may have resulted from ester hydrolysis during isolation or storage, amounts to between 1 to 10 % of the esterified IAA. Five newly observed low molecular weight indoleacetyl compounds are described and their chromatographic behavior reported. The total IAA content of corn kernels and intact seedlings decreases during germination, declining to about 10 %o of the original content during 96 hr of germination. Difficulties in obtaining quantitative results and the possible physiological significance of these results is discussed.
Indole-3-acetic acid (IAA) is commonly accepted as a naturally occurring plant growth hormone. Nonetheless, most, and possibly even al, of the IAA in some tissues occurs as a complex "bound auxin". For example, most of the IAA of corn kernels, and all of the detectable IAA of corn shoots occurs as an alkali-labile complex (5) . Methods for quantitative analysis of the bound auxins have not been developed. In previous publications from this laboratory (8, 10) the occurrence in corn kernels of 4 esters of indole-3-acetic acid (IAA) and myo-inositol have been reported. These were designated as the B group and include B, (indole-3-acetyl-1-0-myo-inositol), B2 (indole-3-acetyl-2-O-myo-inositol), B3 and B4. B3 and B4 are arabinosides of B, and B. respectively. Earlier work (1, 5, 11) has established that corn kernels also contain a high molecular weight IAA complex, here designated as the A fraction.
This report is concerned with the estimation and partial characterization of the alkali labile IAA complexes in dormant corn kernels. The changes in concentration of these complexes during germitnation have been studied as a step towards clarification of their physiological role. The chromatographic prop- 2 On leave from the Sumitomo Chemical Company, Ltd., Japan.
erties of 5 newly observed esters of IAA are reported. A preliminary brief report of these data has been submitted (3).
Methods and Results
Extraction. Corn kernels (Zea mays L., cultivar, Stowell's Evergreen Hybrid, 1963 harvest) were ground -to 20 mesh and stored at -20°. A 15 g sample was extracted with 60 ml of 50 % aqueous acetone for 1 hr at room temperature with continuous agitation by a magnetic stirrer and then filtered. This procedure was repeated 4 more times. Each of the acetone extracts were then assayed for alkalilabile IAA compounds. The extracts were made 1 N with respect to NaOH, then, after 15 min at room temperature, they were acidified to pH 2.5 with 5 N H2SO4 and extracted 3 times with an equal volume of peroxide free ether. The ether was evaporated to dryness, the residue redissolved in 1 ml of 95 % ethanol, 4 ml of Salkowski reagent (12) added and IAA estimated colorimetrically. The corn meal residue was extracted with 100 ml of N NaOH for 15 min at room temperature. This extract was acidified and treated as above. IAA complexes which are not extracted and hydrolyzed by this procedure would escape detection.
Colorimetric assays were corrected for interference by compounds which yield a yellow-brown color with Salkowski reagent. Optical density was measured at 482, 532, and 582 mix to establish a base line between 482 and 582 mi,. The height of the 532 peak above the base line obtained by the equation PLANT PHYSIOLOGY A582 --(A482 + A,82)/2, was compared to the same value for IAA standards.
As shown in Fig. 1 , 5 extractions with aqueous acetone removed 95 % of the alkali-labile esters. The 100 % value, in the figure, is the total amount of IAA obtained by summing the IAA content of the successive extracts. In other experiments, it was found that a single extraction with 300 ml of 50 % aqueous acetone (per 15 g) for 5 hr gave the same or a higher extraction efficiency and thus this procedure was used for the experiments reported in this paper.
Fractionation Procedure. The fractionation procedure adopted is shown in Fig. 2 . A sample of 15 g of ground corn kernels was extracted with 300 ml of 50 % aqueous acetone for 5 hr and filtered. insoluble material was suspended in 50 ml of N-NaOH in 50 % aqueous acetone to hydrolyze any remaining esters. Elutes from the above columns, after alkaline hydrolysis, were assayed for Salkowski positive substances and the positive fractions were examined with 2 solvent systems by Silica gel thin layer chromatography after concentration by lyophilization.
In some experiments, the water extract was partitioned twice against an equal volume of n-butanol. The apparent partition coefficient was 0.2 (in the organic phase) for the total B group. The butanol phase was evaporated to dryness under reduced pressure, redissolved in distilled water and chromatographed on a Sephadex G-10 column with distilled water as eluent and yielded fractions 3 to 7.
Recovery of Authentic IAA. The following experiment was conducted to check for possible losses of IAA by destruction or absorption. To 15 g of ground corn kernels (1967 harvest) 800 ug of authentic IAA was added at the beginning of the extraction. After extraction, concentration and reextraction with water, the water soluble fraction was divided into 2 equal portions. IAA (400 jg) was added to 1 portion and both were then assayed for free IAA. The same experiment was conducted with 4 day old seedlings from 15 g of corn kernels. The results. are shown in table I. Authentic IAA, added before extraction, was lost to some extent, the highest loss being observed with germinated plants. As no free IAA was recovered from the water insoluble fraction, -the loss observed was mainly due to IAA destruction. Even IAA added just before the assay was not recovered completely The first addition of IAA was made before extraction. The second addition of IAA was made after concentration of the acetone extract and removal of the A fraction.
The arrows indicate that it is assumed that the recovery of the first IAA addition is the same in Experiment 2 as was measured for Experiment 1. suggesting complexing with some water soluble constituents. This adsorbed IAA could be released by mild alkaline treatment.
Qualitative Aspects. The elution pattern of the water soluble fraction from a Sephadex G-10 column is shown in Fig. 3 , while Fig. 4 shows the elution pattern for the butanol extract. Several more lipophylic substances can be seen in chromatograms of the butanol extract that, owing -to low concentration, could not be found in the total water soluble fraction. The elution pattern of the 50 % aqueous acetone soluble fraction is shown in Fig. 5 However, the speed of color developml-ent and stabilitv and tint of the color developed is so different from that of 1AA compounds that these interfering compounds are easily recognized. Remarks on the Behavior of IAA. As will be seen in Fig. 6 , peak 2 of Fig. 3 , and peak 7 of Fig. 4 Quantitative Aspects. Several difficulties, mentioned briefly above, were encountered in the quantitative estimation of these many IAA compounds. Due to incomplete separation of fractions during column chromatography, several estimations are reported as the sum of 2 fractions, for example, B4 + B5 and A and other "A" fractions. In addition some fractions, for example, the HRF fraction, are present in such small amounts that they were Changes in, Concentration Duirinig Germination. We observed a rapid decrease in concentration of all of these esters, as estimated by the Salkowski test, during germination. According to Hemberg (7), the total auxin content of corn kernels, as measured by biological activitv following wet ether extraction, does not decrease during germination.
Such extracts might, of course, contain other auxins (4) and thus our data cannot be directly compared to Hemberg's data. Meudt (9) has reported that it vitro oxidation of IAA produced intermediate products which are Salkowski negative but very active biologically. To the extent that our results can be compared to Hemberg's, it would seem that the Salkowski negative product(s) formed from these esters is biologically active. There are no available data on the fate of the inositol moiety.
Quantitative determination of IAA and indoleacetyl esters in plant tissues is difficult. For example, losses occur during isolation and purification. We have attempted to estimate such losses for free IAA by the addition of relatively large amounts of additional IAA, as in table I. Such corrections may not be accurate since small amounts of IAA may be lost while larger amounts would be recovered. homogenates of corn seedlings to permit a correction for losses of IAA during isolation. These workers (in addition to observing the occurrence of an alkali-labile IAA complex in seedling tissue) found that recoveries of free 14C-labeled IAA was increased by adjustment of the original extract to an alkaline pH prior to the first ether extraction. We have confirmed this and conclude that alkaline-ether extraction improves recoveries of free IAA possibly by removal of impurities that preclude extraction of IAA into ether from acid solution or by salt effects that modify the partition of IAA between the aqueous and ether phases. Owing to the importance of an accurate determination of the concentrations of free IAA and IAA esters in plant tissue, we are continuing our studies.
